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acervulina	 Small-mid	sized	 Anterior	1/3	of	intestine	 Develops	superficial	to	host	cell	nucleus	 300,000-	1	million:	cause	symptoms/	not	lethal		
Species	specific	 	
praecox	 Large/ovoid	 Anterior	1/3	of	intestine	 	 	 Species	specific	 First	shed:	nine	hours	before	others	
maxima	 Large/ovoid	 Middle	1/3	of	intestine	 Develops	beneath	host	cell	nucleus	 10,000	oocysts-	lethal	 Species	specific	 	
brunetti	 Large/ovoid	 Lower	1/3	of	intestine	 	 10,000	oocysts-	lethal	 Species	specific	 	
mitis	 Small/spherical	 Anterior	1/3	of	intestine	 	 	 Species	specific	 	
mivati	 Small/spherical	 Anterior	1/3	of	intestine	 	 300,000-	1	million:	cause	symptoms/	not	lethal	
Species	specific	 	
necatrix	 Medium/teardrop	 Middle	1/3	of	intestine	 Large	2nd	generation	schizonts	 	 Species	specific	 	





















































Age	in	Days	 Temp	 Age	in	Days	 Temp	 Age	in	Days	 Temp	 Age	in	Days	 Temp	
1*	 90	 8	 86	 15	 82	 22	 79	
2*	 89	 9	 85	 16	 82	 23	 79	
3*	 88	 10	 85	 17	 81	 24	 78	
4	 88	 11	 84	 18	 81	 25	 78	
5	 87	 12	 84	 19	 80	 26	 78	
6	 87	 13	 83	 20	 80	 27	 77	






Farm	 7	 8	 9	 10	 11	 12	 13	 14	 15	 16	 17	 18	 19	 20	 21	 22	 23	 24	 25	 26	 27	 28	
A	 X	 X	 X	 	 	 X	 X	 X	 	 X	 	 	 X	 	 X	 	 X	 	 	 	 	 X	
B	 	 	 	 	 	 	 	 X	 X	 X	 	 	 X	 X	 X	 	 X	 	 	 X	 	 X	
C	 X	 X	 X	 	 	 X	 X	 X	 	 X	 	 	 X	 	 X	 	 X	 	 	 	 	 X	
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Assessment	of	International	Data	The	producer	in	China	suffered	much	higher	2nd	peak	mean	OPG	(301,600)	than	either	the	producer	in	Egypt	(142,443)	or	Producer	X	(111,777).		
	Figure	17:	Mean	OPG	values	compared	across	regions	at	roughly	2	weeks	of	age	(day	13	in	China,	day	14	in	Egypt	and	USA	(Producer	X)).	Error	bars	show	standard	deviation.																								
0	
100,000	
200,000	
300,000	
400,000	
500,000	
600,000	
Egypt	 China	 USA	
O
PG
	
	 43	
	
	
	
	
	
Chapter	Six:	Discussion	
	
Effect	of	Lag	Time	on	3rd	Peak	OPG	Values	My	data	suggest	that	lag	time	of	2nd	peak	oocyst	shed	has	no	correlation	with	the	magnitude	of	3rd	peak	shed.		This	is	interesting	due	to	the	common	belief	in	the	industry	that	when	birds	experience	a	2nd	peak	before	turn	out	(negative	lag	time)	they	are	overly	exposed	to	the	vaccination	strain	Eimeria.		This	large	parasitic	load	exceeds	what	the	chicks	developing	immune	system	can	cope	with	and	leads	to	severe	coccidiosis.		This	belief	is	based	on	the	association	of	higher	density	with	higher	infection	rates	(Stanley	et	al.,	2004).		In	the	context	of	this	study,	this	relationship	would	have	meant	that	houses	with	lag	times	≤	0	would	have	shown	significantly	higher	shed	values	during	the	third	peak.		To	avoid	such	situations	producers	have	invested	substantial	time	and	funds	into	research	aimed	at	tracking	oocyst	counts	in	order	to	modify	programs	so	that	turn	out	occurs	roughly	one	day	before	peak	shed.		However,	the	absence	of	a	correlation	between	lag	time	and	3rd	peak	shed	shown	in	my	study	indicates	that	the	industry	is	perhaps	mistakenly	attributing	observed	variation	within	oocyst	shed	counts	to	the	improper	timing	of	turn	out.		My	results	suggest	that	optimizing	turn	out	time	(achieving	lag	times	>0)	may	not	be	the	optimal	method	of	achieving	uniform	flock	response	to	coccidiosis	vaccines.				
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Effect	of	2nd	Peak	OPG	Values	on	Body	Weight	at	4	Weeks		 The	negative	correlation	between	OPG	values	and	body	weights	observed	within	my	study	paralleled	the	results	of	previous	research	(Preston-Mafham	and	Sykes,	1970).		However,	my	method	of	testing	was	somewhat	novel.		Rather	than	track	body	weights	and	OPG’s	together	over	time,	my	research	demonstrated	that	by	assessing	the	coccidia	burden	at	peak	cycle	one	can	predict	the	future	trends	in	live	weight	(Spearman	Correlation,	rho	=	-0.568,	n	=	18,	p	=	0.016).		By	identifying	this	negative	correlation	I	have,	in	essence,	provided	the	producer	with	the	ability	to	determine	the	long-term	productivity	of	a	house	within	the	first	two	and	a	half	weeks	of	life.		The	implications	of	this	finding	warrant	future	study	and	potentially	a	modification	of	current	growing	programs.		For	instance,	if	further	research	indicated	that	this	trend	in	weight	loss	continues	to	day	60	or	90	then	implementing	the	necessary	anticoccidial	measures	immediately	upon	detection	of	“problem	houses”	on	day	14	could	result	in	major	improvements	to	productivity.		
Effect	of	2nd	Peak	OPG	Values	on	Mortality		 Although	a	correlation	between	2nd	peak	OPG	and	percent	mortality	was	not	observed,	my	result	indicating	that	a	negative	correlation	exists	between	body	weight	and	2nd	peak	OPG	validates	the	need	for	further	research.		Decreases	in	live	weight	within	a	house	serve	as	an	indication	that	the	resident	Eimeria	have	proliferated	to	the	point	of	significantly	affecting	nutrient	absorption	within	the	birds.	If	the	trend	in	weight	loss	identified	in	this	study	was	found	to	continue	then	house	wide	anorexia	and	mortality	would	soon	follow.		Therefore,	I	believe	that	a	correlation	between	2nd	peak	OPG	value	and	mortality	may	very	well	exist.		
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However,	I	contend	that	by	comparing	peaks	to	mortality	data	at	30	days	rather	than	later	in	the	life	span,	I	failed	to	allow	the	Eimeria	adequate	time	in	which	to	cause	significant	mortality.		Both	studies	would	have	been	significantly	improved	by	comparing	2nd	peak	OPG	to	mortality	and	body	weight	not	only	at	30	days,	but	also	at	days	60	and	90	in	order	to	observe	the	long	term	ramifications	of	large	2nd	peak	oocyst	counts.		
Influence	of	Sex	on	2nd	Peak	OPG	Values			 Previous	studies	on	the	influence	of	sex	as	it	relates	to	parasitic	burden	have	indicated	that	male	vertebrates	typically	express	decreased	immune	function	due	to	the	production	of	testosterone,	and	thus,	increased	parasitic	load	(Saino	et	al.,	1995;	Poulin,	1996;	Zuk	et	al.,	1996).		My	data	indicated	that	no	significant	difference	in	oocyst	counts	existed	between	sexes	at	Producer	X.		In	this	study	it	appears	as	if	the	males’	natural	tendency	to	suffer	greater	parasitic	infection	was	made	less	significant	by	the	effects	of	higher	density	on	the	females.		It	was	stated	in	“Materials	
and	Methods”	that	male	brood	and	off	end	densities	(1.9ft2,	3.8ft2)	fell	below	those	of	the	average	female	house	(0.72ft2,	1.43ft2).		As	pointed	out	by	Stanley	et	al.	(2004),	when	bird	density	is	decreased	so	too	is	the	litter	moisture.		This	serves	to	reduce	the	amount	of	microorganisms	in	the	litter	(Waldenstedt	et	al.,	2001)	and	likely	explain	why	no	significant	difference	was	detected.	
OPG	Counts	in	Brood	End	vs.	Off-End	The	lack	of	significant	difference	in	OPG	counts	from	the	brood	end	and	off-end	on	day	21	indicated	that	birds	were	dispersing	uniformly	following	turn	out.		As	mentioned	previously,	work	by	Newberry	and	Hall	(1990)	suggested	that	birds	
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tended	to	stay	closer	to	the	brood	end	during	this	time.		However,	my	results	demonstrated	that	this	was	not	the	case	for	Producer	X.		Their	houses	seem	to	resemble	those	studied	by	Preston	and	Murphy	(1989),	which	showed	birds	tend	to	flow	through	a	growing	area	without	preference	for	one	location.		The	results	of	this	study	were	important	to	Producer	X	as	they	demonstrated	that	uneven	distribution	of	oocysts	within	the	house	on	day	21	was	not	causing	the	inconsistencies	in	mortality	they	observed.		These	findings,	as	well	as	the	lack	of	correlation	between	lag	times	and	3rd	peak	shed,	further	the	validity	of	my	proposition	that	turn	out	time	and	its	resulting	effects	play	a	less	significant	role	in	productivity	than	previously	thought.		
Pooling	vs.	Individual	Sampling		 My	data,	though	not	tested	statistically,	seems	to	deviate	from	the	results	determined	by	Velkers	et	al.	(2010).		From	studying	Figures	14-16	it	appears	as	if	the	average	of	individual	samples	tends	to	be	greater	than	pooled	averages.		A	potential	explanation	of	this	occurrence	lies	within	the	experimental	methods	involved	in	pooling.		By	mixing	ten	feces	within	a	single	Whirl-Pak®,	the	impact	of	a	sample	with	a	massive	coccidia	load	becomes	slightly	diluted.		This	effect	does	not	occur	when	reading	individual	samples	and	averaging	them,	thus,	resulting	in	higher	mean	OPG	numbers.	Additionally,	by	subsampling	and	taking	the	standard	deviation	of	successive	averages,	I	showed	that	obtaining	a	small	number	of	individual	samples	(1-5)	will	result	in	highly	variable	averages	that	may	not	accurately	reflect	the	impact	of	coccidia	on	the	average	bird.		If	a	similar	study	was	to	be	performed	I	would	suggest	that	researchers	take	10	individual	samples	from	all	houses	across	
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multiple	farms	and	compare	them	to	pools.		The	commercial	poultry	industry	generally	relies	on	the	pooling	method	to	achieve	a	house	wide	metric	of	coccidia	data.		Therefore,	results	indicating	that	this	method	is	less	accurate	could	have	a	large	impact.		It	should	be	noted	that	the	time	associated	with	counting	individual	samples	would	more	than	likely	play	a	bigger	role	in	deciding	between	methods	within	the	industry	if	the	difference	was	found	to	be	miniscule.		
Assessment	of	International	Data	Large	variation	in	mean	OPG	counts	were	observed	among	Egypt,	China,	and	Producer	X	in	the	United	States.		However,	the	manner	in	which	foreign	data	were	obtained	prevented	the	use	of	statistical	analysis.			The	study	of	these	data	allowed	me	to	see	first	hand	the	inconsistencies	that	pervade	the	industry	in	regards	to	monitoring	Eimeria.		Days	of	collection	varied	greatly	and	in	almost	all	cases	left	multiple	gaps	between	sheds	completely	untested.		Additionally,	equations	used	to	derive	OPG	values,	types	of	counting	slides	used,	time	of	collection,	and	other	important	information	was	often	left	out.		With	coccidiosis	being	one	of	the	most	expensive	problems	for	the	commercial	poultry	industry	it	is	absolutely	necessary	for	a	standardized	protocol	to	be	adopted.		Suggestions	of	standards	for	test	challenging,	measuring	vaccine	efficacy,	and	other	Eimeria	related	issues	have	been	made	by	Williams	and	Catchpole	(2000)	as	well	as	other	prominent	voices	within	the	industry.		Practice	of	such	a	protocol	would	improve	the	quality	of	data	for	both	the	individual	farmer	and	the	industry	as	a	whole.		The	variation	I	observed	could	potentially	indicate	substantial	differences	in	coccidia	numbers	globally.	This	
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finding	further	supports	the	necessity	of	consistently	obtained,	statistically	powerful	data.			Conclusion	 	My	research	has	shown	that	measuring	2nd	peak	OPG	shed	holds	promise	as	a	means	of	detecting	future	damage	to	productivity	due	to	coccidiosis.		Additionally,	my	data	indicates	that	the	effect	of	turn	out	time	on	the	variation	of	oocyst	counts	and	mortality	observed	within	the	first	few	weeks	of	life	is	not	as	significant	as	was	previously	thought.		As	a	result,	Producer	X	is	now	attempting	to	improve	their	early	anticoccidial	measures	to	improve	production	rather	than	focusing	on	turn	out	time.		As	mentioned	previously,	the	industry	as	a	whole	must	modify	and	improve	inconsistent	methods	of	data	collection.		By	adopting	a	standard	protocol	for	the	observation	of	Eimeria	within	commercially	raised	flocks,	producers	worldwide	will	be	able	to	quickly	and	accurately	compare	their	data.			Furthermore,	advancements	in	technology	must	be	implemented	to	better	identify,	enumerate,	and	eliminate	species	of	Eimeria	within	houses.		Improvements	in	mitochondrial	sequencing,	research	into	automated	counting,	and	development	of	new	anticoccidial	drugs	all	hold	potential	as	means	to	decrease	the	effect	of	coccidiosis	in	the	commercial	poultry	industry.					 					
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